Platelet-derived growth factor (PDGF) receptor alpha-subunit mutant and reconstituted cell lines demonstrate that transforming growth factor-beta can be mitogenic through PDGF A-chain-dependent and -independent pathways.
Mitogenic stimulation of connective tissue cells by transforming growth factor-beta (TGF-beta) has two unusual properties; entry into S-phase is delayed compared with that induced by other mitogens, and the dose response is biphasic, with low concentrations stimulating and high concentrations inhibiting or having no effect. A hypothesis that provides an explanation for both of these properties is that TGF-beta stimulates proliferation indirectly by inducing synthesis of platelet-derived growth factor (PDGF) A-chain, which in turn stimulates proliferation via autocrine activation of the PDGF receptor alpha-subunit (PDGFR alpha). High concentrations of TGF-beta reduce PDGFR alpha expression and break the autocrine loop. We tested this hypothesis by determining whether TGF-beta and interleukin-1 alpha can induce DNA synthesis in connective tissue (3T3) cells derived from the Patch mouse line in which the PDGFR alpha gene is deleted. We found that these cells do respond mitogenically to TGF-beta and interleukin-1 alpha, indicating that PDGF A-chain induction is not the sole mechanism of mitogenic stimulation. Reestablishing PDGFR alpha expression via transfection with a human PDGFR alpha construct enhanced the response to TGF-beta. Neutralizing anti-PDGF antiserum reduced TGF-beta stimulation of PDGFR alpha-expressing 3T3 cells by about 35%. We conclude that induction of PDGF A-chain/PDGFR alpha autocrine stimulation does contribute to the ability of TGF-beta to stimulate connective tissue cells, but that there is, in addition, a PDGF-independent pathway.